Dynamical scanning of the Higgs mass by an axion-like particle during inflation may provide a cosmological component to explaining part of the hierarchy problem. We propose a novel interplay of this cosmological relaxation mechanism with inflation, whereby the backreaction of the Higgs vacuum expectation value near the weak scale causes inflation to end. As Hubble drops, the relaxion's dissipative friction increases relative to Hubble and slows it down enough to be trapped by the barriers of its periodic potential. Such a scenario raises the natural cut-off of the theory up to ∼ 10 10 GeV, while maintaining a minimal relaxion sector without having to introduce additional scanning scalars or new physics coincidentally close to the weak scale.
Introduction
Over the decades since its inception, the issue of naturalness of the Higgs mass has motivated a plethora of models in which this fine-tuning problem is considered solved in theory. However, an inevitable consequence of these theories is that fundamentally new physics should lie close to the TeV scale, and in light of null experimental searches at the LHC the Higgs naturalness issue is in danger of reverting back to being an unsolved open problem. Indeed, should null results persist in the search for a naturalising new sector at higher energies and precision, this may well prove to be our "Michelson-Morley" moment of the 21 st century. It is therefore worth reconsidering approaches to naturalness from as many different viewpoints as possible.
Such an alternative approach has recently been put forward by GKR [1] 1 . Here the absence of new physics at the TeV scale is made compatible with a naturally light Higgs mass (relative to a large effective theory cut-off) as a result of cosmological evolution in the early universe. In this work we will propose an alternative mechanism that relates the hierarchy "weak scale/cut-off", to a hierarchy in cosmological times "∆t Inf /∆t RH ", where the former is the time change during inflation, and the latter the time change after reheating until the Hubble parameter falls below a certain threshold. Throughout, we will make use of ingredients that are very familiar from previous work on weak-scale relaxation 2 ; however, as advertised, the underlying cosmological story is distinct. As usual, let us imagine that there is a rolling scalar field, the relaxion, that scans the Higgs mass while it evolves down its scalar potential in the early Universe. At some point the Higgs mass-squared will pass through zero. In the usual relaxion models at this moment a technically natural backreaction of the Higgs vacuum expectation value v will act upon the relaxion, causing it to halt, freezing v at a small value. Alternatively, in this work we propose that there is in fact no backreaction from the Higgs onto the relaxion. Instead, the relaxion will continue rolling as before once the Higgs vacuum expectation value reaches a small value. However, we will assume that the vacuum expectation value backreacts on the inflationary sector itself and will cause inflation to end. We will provide two explicit examples for this dynamics.
Once inflation ends there is a short epoch while the inflaton rolls to the bottom of its potential and then oscillates and the Universe reheats. While the Universe is cooling the Hubble value decreases, and finally the decreasing value of Hubble will backreact on the relaxion field by causing it to stop rolling, by some Hubble-dependent dynamics.
The key point is that the period of time in which the relaxion evolves during the inflationary epoch will typically be exponentially greater than the period of time between inflation ending and the Hubble parameter falling below some critical value. Since the former epoch measures the change in the Higgs mass-squared between the cutoff and zero, ∆ Inf ∼ M 2 , and the latter epoch measures the change in the Higgs mass squared from zero to a technically natural time depending on the Hubble-dependence of the relaxion potential, ∆ RH M 2 , then a small Higgs vacuum expectation value becomes a prediction of the theory even though the Higgs itself does not play any role in halting the relaxion evolution. In addition to the novel perspective on weak-scale relaxation, the advantage of decoupling the Higgs backreaction from the relaxion's trapping is that it simplifies considerably the relaxion sector of the theory. As we shall see, the minimal relaxion Lagrangianwithout any additional scalar fields or new electroweak-symmetry-breaking physics -is sufficient for our model to naturally end up in a metastable vacuum with small weak scale.
The paper is organised as follows. In Section 2 we summarise the cosmological relaxation mechanism and how our model differs in its interplay with inflation. In Section 3 we demonstrate examples of how inflation could end with a weak-scale vacuum expectation value for the Higgs. Constraints on the relaxion parameter space are listed in Section 4. Finally, we conclude in Section 5.
Cosmological Relaxation
The relevant parts of the Lagrangian for the relaxion φ, for an effective theory with a cut-off scale M , can be written as
where Λ G is the strong coupling condensation scale of some gauge group G and the ellipses denote terms higher order in gφ of the explicit shift symmetry-breaking potential V (gφ) 3 . The relaxion initially starts within a range φ M 2 /g with a large positive effective Higgs mass squared that turns negative as φ rolls past the critical point φ crit. ∼ M 2 /g. In conventional relaxation models the barrier height of the periodic potential depends on the Higgs vacuum expectation value v to some power n,
The dependence on v provides a natural way to stop the scanning soon after the vacuum expectation value switches on and the barrier grows until it balances the linear slope when
3)
The small value of v relative to the cut-off is thus dynamically determined by this backreaction of the Higgs vacuum expectation value on the periodic potential that subsequently traps it.
In the original GKR model [1] , n = 1 and the gauge group G was taken to be SU (3) c of QCD. Unfortunately this minimal realisation is excluded by the minimum of the relaxion generating too large an effective value of the QCD Θ-angle. Alternatively G could be a new strongly-coupled gauge group, but for n = 1 this new physics has to be close to the weak scale. While more testable, this goes somewhat against the motivation of solving naturalness without such weak-scale physics and moreover introduces a coincidence problem [4] . Models with n = 2 do not need to break electroweak symmetry in the new physics sector and can thus be decoupled to higher scales, but quantum corrections necessarily induce a barrier that prevents the relaxion from rolling. These initial barriers thus need to be relaxed by an additional scalar in a double-scanning mechanism [4, 20] .
There are also n = 0 models in which the periodic potential does not depend on the Higgs vacuum expectation value [22] . Note that the relaxion couples to a gauge field through the last term in Eq. 2.1, which may appear generically in theories involving axions as it respects a shift symmetry. In Ref. [22] this coupling was used as an alternative trapping mechanism through gauge boson dissipation 4 . In this n = 0 model the periodic potential barriers are always unsuppressed but the relaxion rolls with enough kinetic energy to overcome them. The Higgs mass squared starts out large and negative, so the vacuum expectation value is always on. It is then scanned down to low enough values that weak gauge bosons become light enough for dissipation to slow down the relaxion and trap it.
Such a mechanism has many advantages over requiring the periodic potential to depend on v. However, it also necessitates a UV completion preserving a specific coupling to the electroweak fields that allows, after electroweak symmetry breaking, a coupling to weak bosons but not to photons,
, and c W ≡ cos θ W , s W ≡ sin θ W . This coupling pattern can be enforced by a LR symmetry, or appropriate group symmetry constructions [28] , but a photon coupling could be reintroduced through higher-order corrections when the protecting symmetry is broken. Dissipation into photons would then trap the relaxion before reaching a small weak scale.
In the following we propose an alternative backreaction mechanism, where neither the periodic potential nor the dissipative gauge fields in the relaxion sector depend on the vacuum expectation value of the Higgs. Both are always there, with the relaxion having enough kinetic energy to roll over the barriers and the dissipation into "dark" gauge bosons being either sub-Hubble or providing the dominant friction for slow roll. In this scenario the Higgs mass squared is scanned down from large positive or negative values, depending on the realisation, and when the Higgs vacuum expectation value reaches the weak scale it triggers the end of inflation soon after. This causes Hubble to diminish, and as the relaxion's dissipation into gauge bosons increases relative to a falling Hubble it loses enough kinetic energy to become trapped.
Such a mechanism provides a different physical viewpoint on the origin of the weak scale. Indeed, unlike the relaxion models considered so far, the backreaction is no longer directly responsible for trapping the relaxion. It is the Hubble scale that depends on v, with the transition from inflation to a radiation-dominated Hubble evolution determined by this vacuum expectation value, while the trapping occurs as Hubble drops below a critical value. The weak scale is thus linked to the ratio of the distance travelled by the relaxion during and after inflation, which is exponentially suppressed relative to the cut-off scale due to the exponentially long inflationary period.
A weak-scale exit from inflation
In this section we pursue in more detail the inflationary mechanism outlined above. For example, a simple and natural possibility for inflation to end at the weak scale is for the inflationary scale itself to be at the weak scale. Then the relaxion can play the role of the inflaton, while the Higgs acts as a waterfall field that ends inflation when electroweak symmetry is broken. In this case no additional inflaton sector is needed as our relaxion model already describes a hybrid inflation setup. This extremely minimal scenario is quite restrictive and would require a Hubble scale H ∼ 10 −14 GeV. Such weak-scale hybrid inflation models have been considered in Refs. [29] .
We shall now discuss two other, more general, realisations of inflation that end when the Higgs acquires a weak-scale vacuum expectation value. The first relies on electroweak gauge field production to maintain slow-roll, while the second traps the inflaton through Higgs-dependent barriers whose height depends on the vacuum expectation value.
Inflating with electroweak dissipation
The production of gauge fields from a pseudoscalar field σ originates from an axial gauge field coupling of the form
where F µν is the field strength for some abelian or non-abelian gauge field A µ andF µν ≡ µνρσ F ρσ is its dual. This introduces an additional friction term in the equation of motion for σ (see e.g. Refs. [30] [31] [32] [33] ),
where a(τ ) is the scale factor of the homogeneous and isotropic metric, the primed derivatives of σ are with respect to conformal time τ , and V σ ≡ ∂V /∂σ. Following Ref. [30] , the equation of motion in an inflating universe for the two polarisations A ± (k) can be written as
and the dot over φ denotes differentiation with respect to physical time t. This has the form of Whittaker's equation where the solution in terms of Whittaker functions yields the following equation of motion for σ,
with I ∼ 10 −4 , and we defined the dimensionless parameter
We shall be interested in the regime ξ 1/(2π) for particle production to be significant. If the first two terms of the equation of motion Eq. 3.4 are negligible compared to the potential slope and gauge field dissipation term then we obtain the following steady-state solution for ξ,
Such an analytical solution has been shown to approximate well a more complete numerical analysis [33] . The assumption that the (modified) slow-roll parameter obeys the slow-roll condition 1, and that V σ > 3Hσ andσ, can be verified to hold when α ξ [30] . This also ensures H 2 V (σ)/3M 2 p such that the energy density of the gauge fields and kinetic energyσ 2 does not dominate that of the inflaton potential. Since ξ 1/(2π), and from Eq. 3.6 we see that it only varies logarithmically under parameter changes, we shall always conservatively set α/ξ ∼ O(1).
Dissipation allows for inflation on potentials that would otherwise be too steep for slow roll. Another advantage is that field excursions can be sub-Planckian since the number of e-folds of slow-rolling over a range ∆σ is given in this case by
We shall see that depending on the parameters of our cosmological relaxation model the field excursions can indeed by sub-Planckian, although larger cut-offs will still require super-Planckian field excursions to obtain a large exponential numbers of e-foldings 5 . We now employ the gauge field production described above for σ as the inflaton field. Our model of cosmological relaxation relies on ending inflation as the Higgs develops a vacuum expectation value, so if inflation is supported by electroweak gauge field dissipation this gives a natural way of ending slow-roll since the gauge boson masses are tied to the Higgs vacuum expectation value.
The inflaton σ couples to to the electroweak gauge fields via the usual terms
which can be written in the mass eigenstate basis as
where
Now while electroweak symmetry remains unbroken the inflaton dissipates into the massless W ± and Z bosons, as well as photons. The regime where such exponential particle production may dominate over Hubble is parametrised by
and we assumed that the W ± bosons provide the dominant dissipation channel, though the Z may also contribute significantly. We do not require a photon coupling to be absent, only that it is unable to maintain slow roll inflation on its own.
Maintaining slow-roll and self-consistency of the solution requires α W ξ σ . Note that the solution for ξ σ in Eq. 3.6 varies logarithmically and so is ∼ O(1 − 10) for a general parameter space and potential V (σ). In particular this means that the photon coupling can be fixed to have α γ ξ σ without fine-tuning -or at most a tuning of α γ /α W ∼ O(10 −1 ) -ensuring that photo-dissipation does not maintain slow-roll when the weak gauge bosons gain mass and end inflation.
In a thermal plasma at temperature T , non-Abelian gauge fields give rise to a thermal mass for the gauge bosons that can suppress particle production. However, such thermal effects will be diluted by inflation. If we treat the energy density of the gauge fields as a thermal bath we may estimate the temperature as
g eff is related to the effective number of degrees of freedom, and in the inequality we used the condition that dissipation dominates the equation of motion, V σ Hσ ∼ ξf H 2 /α. Note that Eq. 3.12 assumes the production of gauge quanta thermalizes fast enough during inflation which may not trivially be the case. We shall therefore neglect the effects of thermal masses in our analysis and assume a standard cold inflation.
The Hubble scale in this model must be no larger than around the weak scale. This is because the particle production threshold is approximately reached when
where m * V v is the critical gauge boson mass. This therefore sets an upper limit on the Hubble scale during inflation to be H v. When the particle production threshold is reached we assume the transition is sharp such that gauge boson production can no longer provide slow-roll as the weak scale is reached.
There is also a limit on how long inflation can last in these models, which is given by the number of e-foldings
where ∆σ is the distance rolled by the inflaton. The field range of σ is constrained by fixing Hubble,
where a larger σ must be compensated by a flatter slope V (σ) to maintain a fixed value of H. On the other hand there is a lower bound on the slope, 16) in order for the dissipation dynamics to dominate over Hubble friction in the equations of motion. Putting all this together restricts the maximum number of e-foldings to
where the decay constant must be f W 10 9 GeV due to astrophysical constraints on electroweak interactions with axions in stars and supernovae 6 . If the last decades of e-foldings correspond to those responsible for the currently observed CMB features then the axial gauge coupling may also give rise to many features in the cosmic microwave background, and the model parameters can then be constrained by generating the correct spectral index and density perturbations. For example, the scalar spectral index n s is given by [30] 
However the analytical solutions used here for the equations of motion may not be reliable towards the end of inflation where non-linear evolution can impact these observables [33, 36, 37] . Moreover axial-gauge inflaton couplings typically induce large non-gaussianities that may further restrict the parameter space [31, 38] . A detailed numerical study is beyond the scope of this work where we are mainly interested in demonstrating the general mechanism. We remark that there is also the possibility of a brief second phase of inflation preceding a transition to our observed cosmology, as in hybrid inflation with a slow-rolling waterfall field. In the next section we shall give another example of a model with a second inflationary phase.
Multi-natural inflation
In natural inflation [39] an axion slow rolls on its periodic potential with large decay constant, and this may be modulated by an additional periodic potential in so-called multi-natural inflation models [40] . If one of the periodic potentials depends on the Higgs vacuum expectation value then the inflaton can be trapped while the barrier height of that potential is initially very large. This maintains inflation while the relaxion scans the effective Higgs mass squared down to smaller values, until it reaches the point where the Cartoon of the potential for our mechanism where the inflaton σ denoted by a red dot is initially trapped. As the barriers of the smaller periodic potential depend on the Higgs vacuum expectation value, the inflaton is released towards the end of relaxation and begins a second phase of hilltop natural inflation.
overall potential slope allows the inflaton to overcome the barriers. The mechanism is illustrated in Fig. 1 . We outline here an example of how this may be achieved. The potential for multi-natural inflation can be written as
where f A f B 10 9 GeV (to avoid supernovae and stellar cooling constraints [35] ), V 0 ∼ Λ 4 A , and we set δ = 0 for simplicity. We also have the hierarchy Λ A Λ B , and the barrier height of the periodic potential Λ 4 B is linearly proportional to the Higgs vacuum expectation value v. We note that as v becomes large, as the strongly-coupled fermion mass responsible for the proportionality to v decouples the condensate scale Λ B only grows logarithmically. This ensures that the potential is not dominated by Λ B when the Higgs vacuum expectation value starts out large with v ∼ M 2 /g. As for Λ A , its value fixes the energy scale of inflation and since Hubble must be less than the electroweak scale, H v, we must set Λ A 10 10 GeV. As usual in small-field hilltop inflation, the inflaton is intially at the top of the hilltop close to the origin at σ i . During relaxation it is prevented from rolling down the hilltop by a maximal barrier height Λ B while the Higgs vacuum expectation value is initially very large, v ∼ M 2 /g. The lifetime for tunnelling out of this metastable local minimum must be exponentially long. We estimate this in the thin wall approximation as in Ref. [41] by the following probability for remaining in the false vacuum [42] , 20) where β ≡ Γ/H 4 is a dimensionless measure of the tunnelling rate per unit volume [43] ,
A is the difference in potential between the minima, and the Euclidean action S E is obtained by an integral over the barrier between the neighbouring minima of the potential,
Since the tunnelling timescale is t tunn. ∼ 3/4πβH, the number of e-folds before tunnelling is roughly
We see that it is mainly the size of S E that determines the exponent in the number of e-foldings before tunnelling. From Eq. 3.22 we find
Though this is a rough estimate we may assume the tunnelling rate to be sufficiently suppressed during the exponentially long e-foldings of relaxation.
As the relaxion scans v down to small values at the weak scale, the relaxion is released at a critical value of Λ B ∼ Λ
crit. B
given by the barrier slope condition:
(3.25)
At this point the Λ B periodic potential height is low enough to allow the inflaton σ to overcome the barrier, allowing it to slow-roll towards larger field values in a second phase of hilltop natural inflation. We summarise here the basic formulae for cosmological parameters that characterise this phase of inflation. The slow-roll parameters are defined as
The spectral index n s and tensor-to-scalar ratio r are given by 27) and are evaluated at the field value σ * when the relevant cosmological scale crosses the horizon. This is usually fixed by requiring a certain number of e-foldings before the end of inflation at σ e ,
Applying these to the potential of Eq. 3.19, neglecting the small Λ B contribution, gives the following analytical expressions for the slow-roll parameters, 30) and number of e-folds,
2 A (when σ f A ) requires a super-Planckian decay constant for the slow-roll condition η 1 to hold from the start. Inflation ends when the slow-roll condition breaks down at , η ∼ 1. This happens at σ e < πf A as the inflaton approaches the bottom of the potential, with σ e given by σ e 2f A arctan
Using this we may solve Eq. 3.31 to obtain σ * for N * e e-foldings before the end of inflation,
For N * e ∼ 60 we then find that to obtain the observed spectral index n s (σ * ) ∼ 0.96 [45] requires f A 6M P , and the corresponding tensor-to-scalar ratio is predicted to be r 0.05. The amplitude of the density perturbations can be characterised by the parameter 34) and is observed to be A s ∼ 10 −9 [45] . For f A 6M P this can only be obtained at a higher scale of inflation with Λ A ∼ 10 16 GeV. As mentioned previously we need a low scale of inflation for cosmological relaxation, Λ A 10 10 GeV, so the density perturbations must be generated by fields other than the inflaton, as for example in curvaton models.
The duration of the second phase of inflation from when it is released to the end of inflation depends on σ i and Λ is to Λ QCD -and hence the closer σ i is to the top of the hilltop -the longer the second phase of slow-roll inflation lasts, up to a maximum of O(10
3 ) e-foldings for f A ∼ 6M P . This therefore makes up a small fraction of the total relaxation period.
A multi-natural inflation model dependent on the Higgs vacuum expectation value serves to demonstrate how a second period of inflation after relaxation may help generate CMB observables, but other issues remain in this approach. If the QCD axion is used in this model then the potential minimum will in general generate a strong-CP problem 7 , whereas the QCD Θ-angle is constrained by the neutron electric dipole moment to be ∼ 10 −9 [35] . A potential solution may be to ensure the phase shifts of the two potentials are aligned by discrete symmetries [44] such that the Θ-angle is still minimised by the multi-periodic potential.
Another issue is that the small Λ crit. B value requires the inflaton to start close to the origin where the slope is not too steep for it to remain trapped, while inflation would still occur had the inflaton been trapped elsewhere. To relax the fine-tuned initial condition requirement one could for example have a multi-natural inflation potential with a plateau on the hilltop such that the starting point is generic enough. There has also been some interesting comments regarding the possibility of tying the requirement of a high enough reheating temperature for generating matter-antimatter asymmetry to the relaxion initial conditions, providing a sharp and calculable anthropic explanation for such a setup [22] .
We do not pursue a more realistic model as the general setup introduced here only illustrates how relaxation may be used to end an "old inflation" phase in a metastable vacuum, treating the multi-periodic potential as an effective setup. Such a potential may originate for example due to a coupling of a spontaneously-broken scalar to multiple fermions with different charges that condense at different strong coupling scales [40] . In this case, the ratio of the different effective decay constants f A and f B are proportional to the ratio of the relative multiplicity of fermions and so should be close to each other, within a couple of orders of magnitude. However, other mechanisms that generate larger ratios may be possible. We leave the question of constructing a more realistic and UVcomplete inflationary sector for future work.
Constraints on the relaxion sector
After inflation ends, Hubble falls below the inflationary Hubble scale H I . At a critical value H c the relaxion is trapped when gauge field production becomes significant relative to Hubble and it dissipates kinetic energy efficiently. This threshold can be estimated by considering the equations of motion during a radiation-dominated universe,
where the dark gauge boson may have a mass m D . For a radiation-dominated universe the scale factor behaves as a(t) ∝ t t −1 . We may use the WKB approximation to the solution for the exponentiallygrowing positive helicity mode [26] , We now determine the relaxion trapping conditions. Before it is trapped, the size of the periodic potential barriers must be such that during slow-roll the relaxion's kinetic energy is large enough to go over the barriers,φ
In terms of the g and M saturating the bounds in Eqs. 4.6 and 4.7 this is Table 1 : An example of typical parameter values that satisfy all the constraints listed for our relaxion model. M is the effective theory cut-off, g parametrises the explicit shift-symmetry-breaking slope, H I is the Hubble scale of inflation, H c the critical Hubble threshold below which the relaxion is trapped, N e the required e-foldings of inflation during relaxation, Λ G the trapping barrier height of the relaxion's periodic potential with period 2πf φ , and f D the decay constant of the relaxion's axial gauge field coupling responsible for dissipation into dark gauge bosons.
A benchmark point that satisfies all the constraints outlined above is summarised in Table 1 9 . The general parameter space can be characterised by the Hubble scale of inflation and the critical Hubble threshold, as shown in Fig. 2 . The upper grey and lower green excluded regions are due to requiring H c H I and H c to satisfy Eq. 4.4 respectively. This ensures the relaxion is trapped before it rolls past the weak scale after inflation ends. The vertical dotted blue lines are the upper limit on the cut-off M in GeV and the diagonal dashed brown lines are the number of e-foldings during inflation, both on a logarithmic scale. As mentioned above we used the values for g and M that saturates their respective bounds. We see that the typical number of e-folds can vary anywhere between ∼ 10 3 − 10 39 . Note that we have considered the relaxion to be classically slow-rolling using Hubble friction, with negligible dissipation until Hubble drops below the critical threshold. Alternatively we could also have dark dissipation dominating at all times. In this case it may also slow-roll on a steep potential similarly to the case of the inflation model with gauge dissipation of Section 3.1. It is straightforward to rederive the above relations using instead the field evolution expressions from Section 3.1, though this does not change the qualitative details of the mechanism. We have also neglected thermal effects from the dissipation which assumes the dark gauge boson does not thermalise fast enough. It would be interesting to consider such thermal effects in both the dark and visible sectors and how they could be used more directly in our model 10 .
Conclusion
We introduced an alternative cosmological relaxation model in which the backreaction of the Higgs vacuum expectation value determines the end of inflation rather than the end of relaxation. The relaxion is instead trapped indirectly as a result of Hubble falling below a certain critical threshold. The advantage of such a mechanism is to simplify the relaxion sector, which remains rather minimal, while overcoming difficulties in requiring the trapping to depend directly on the Higgs' backreaction. In this work we proposed two possible models of inflation in which a vacuum expectation value of the Higgs at the weak scale could trigger the end of inflation. In the first, the inflaton is slow-rolling due to dissipation into massless electroweak gauge bosons. As the vacuum expectation value switches on and the gauge bosons gain mass, this frictional force switches off and hence inflation ends. In the second model the inflaton is a QCD axion trapped by the barriers of its periodic potential on a larger hilltop potential slope, the latter originating from a larger periodic potential of a different gauge group. In this case the vacuum expectation value determines the height of the barrier, which starts out high enough to block the inflaton from rolling. At a small enough value near the weak scale the inflaton may then roll down the hilltop potential.
We also briefly mentioned the minimal possibility of weak-scale hybrid inflation, with the relaxion as the inflaton and the Higgs as the waterfall field terminating inflation upon electroweak symmetry breaking. This scenario is more restrictive but remarkably economical in that it is already fulfilled by the relaxion setup and does not require a separate inflationary sector.
Once inflation ends the universe becomes radiation-dominated and the Hubble scale decreases linearly in time. At some point the relaxion's axial gauge field coupling of a dark gauge group causes enough friction relative to Hubble that the relaxion loses the kinetic energy that enabled it to overcome the bumps in its periodic potential, and subsequently becomes trapped.
While this model shares many ingredients with previous realisations of cosmological relaxation, the origin of a naturally large hierarchy is subtly different. Previously the weak scale was due to a Higgs-dependent trapping backreaction, and the scanning need not even occur during inflation. On the contrary, here the weak scale is directly determined by the duration of a Higgs-dependent inflation -specifically the exponential ratio of the scanning before and after inflation ends.
There are many avenues to explore in this direction. The general mechanism we have outlined here may be further developed into a more realistic relaxion and inflaton model. There could also be other possibilities to explore for inflationary backreactions. Moreover, quite independently of the hierarchy problem, it is interesting in its own right to consider various ways for triggering the end of inflation.
As experimental data may point towards no new physics at the weak scale, this motivates considering alternative ways in which backreaction in cosmological relaxation can dynamically select an apparently fine-tuned vacuum. More generally, we must fully explore scenarios of cosmological evolution that depend not only on the Higgs field but also on its vacuum expectation value. There are many studies of how the Higgs can play a key role during the early universe, but it may well be the early universe that is crucial to understanding the lightness of the Higgs.
